Background: Fractures occur commonly in equids and often are associated with complications and a poor outcome. There are no reports on the epidemiology of fractures in a heterogeneous equine population. Objectives: To study the epidemiology of fractures in a heterogeneous equine population, focusing on differences between fractures resulting from a kick and fractures, resulting from other causes and investigating predictors for recovery. Study design: Retrospective case series. Methods: Data of all equids presented to the Equine Department, Vetsuisse Faculty, University of Zurich between 1990 and 2014 and diagnosed with a fracture were reviewed and those with a known cause were included in this study. Mann-Whitney and chi-squared tests were used to compare recovery rates of fractures resulting from a kick and fractures resulting from other causes, and a logistic regression was carried out for multivariate analysis of the most important factors affecting recovery. Results: Here, 1144 cases fulfilled the inclusion criteria. Of all fractures (with a known cause), 43.6% were the result of a kick from another equid. Kicks often produced open fractures (44.7%) that involved bones of the limbs (85.6%). Overall recovery was 70.1%. Logistic regression showed that high-grade lameness accompanying the fracture and severe comminution negatively affected recovery. Main limitations: The equids in this study were drawn from a referred population, which likely precluded the inclusion of both minor fractures and catastrophic fractures that necessitated immediate euthanasia. Moreover, many cases were excluded because the cause of the fracture could not be determined from the patient record. Conclusions: Kicks are the most common cause of fractures in a heterogeneous equine population and measures to reduce the incidence of kicks are necessary in group-housing systems.
Introduction
Equine fractures are common and affect equids of all ages and breeds [1] . At the Equine Department, Vetsuisse Faculty, University of Zurich, approximately 5% of the annual hospital population is diagnosed with a fracture. Published studies on the epidemiology of fractures focus on racehorses and on fractures occurring during training or racing [2] [3] [4] [5] , many of which are stress or fatigue fractures affecting various bones [6] [7] [8] [9] . These fractures have been studied extensively and are thought to be caused by repetitive stress over short intervals, which prevents repair of bone micro-damage attributable to high strain [10, 11] . Published literature suggests that the typical characteristics of stress fractures include the following: a high degree of morphologic consistency, evidence of long-standing lesions at the fracture margins, the possible presence of a pre-existing incomplete fracture and no association with a specific trauma [12] . The Swiss Centre for Agricultural Research (AGROSCOPE), which is affiliated with the Federal Office for Agriculture, introduced a new system for the mandatory registration of all equids in Switzerland. This showed that in 2013, 53% of equids were females and 81% were older than 3 years, and 40% were Warmblood breeds. A majority of equids were not thoroughbreds, the equids were mainly used for leisure, jumping and dressage and only 9% were raced [13] . Kicks from other equids have been shown to be an important cause of fractures in equids; in one retrospective study, 121 of 256 (47.2%) kicks from equids were associated with a fracture and in 17 of these cases (14.1%), the equids had to be euthanised [14] . The force of a kick from a single hoof can be as high as 9807 Newtons (i.e. 1 tonne), and steel horseshoes produce even higher peak forces, thus posing a greater risk of serious injury [15, 16] . Efforts to improve the conditions under which equids are kept include group housing to meet their social needs [17] . However, poorly established hierarchical relationships among equids and lack of social skills can result in conflict and thus kick injuries, especially in groups that share resources such as food, water or space and lack a dominance hierarchy [18] . The need for adequate management and preventive measures to prevent kick injuries in herds has been discussed [19, 20] . The results of studies on prognosis and outcome that have been carried out in a racehorse population cannot be directly applied to the general population of equids in Switzerland. The objective of this study was to investigate the epidemiology of fractures in a large heterogenic equine population and to determine 1) the main causes and 2) factors affecting recovery. We hypothesised that kicks from equids were the main cause of fractures and that fractures resulting from kicks are often open and involve long bones, and thus recovery in these equids is poorer than in equids with fractures attributable to other causes.
Materials and methods
The records of equids (including donkeys and mules) presented from January 1990 to September 2014 to the Equine Department, Vetsuisse Faculty, University of Zurich, were searched for the keywords "fracture" and "fissure". Fractures of the skull, vertebrae, ribs, scapula, pelvis, long bones (humerus, radius, ulna, femur, tibia and third metacarpal/metatarsal bones), bones of the carpus and tarsus, second and fourth metacarpal and metatarsal bones, phalanges and sesamoid bones were included in the study. Osteochondral fragmentation, separate ossification centres and other fragments not clearly attributable to a fracture, as well as tooth fractures, were not included. In equids that were presented with multiple fractures, only the most severe fracture was included, and in equids presented multiple times for different fractures, each fracture was considered separately. Most cases 1076/1144 (94%) involved single fractures. Data on signalment, history, clinical findings, results of diagnostic imaging, characteristics of the fracture, therapy and short-term follow-up were retrieved. Signalment included age, which was used to group equids in association with their use (<3 years, foals and young equids not being ridden or worked; 3-14 years, adult equids; and ≥15 years, older, mainly retired equids). Signalment also included sex (mares, stallions and geldings), breed (donkeys and mules where treated as separate breeds) and estimated weight (<100, 100-199, 200-299, 300-399, 400-499, 500-600 and >600 kg). This classification of estimated weight was used because weighing often was not possible, particularly in emergency situations and in recumbent patients. Fractures were classified as acute when the animal had been presented within 2 days of fracture occurrence, and subacute when presented 3 or more days after fracture occurrence. The causes of fractures were categorised as a kick from another equid (observed or assumed as highly likely by the owner/ referring person), collision with a stationary object such as a wall or a tree, stress or fatigue fracture during riding/work, fall and road traffic accident (fracture occurred with the equid standing in the trailer or on the road). The location of the equid at the time of the fracture was classified as pasture (alone or with other equids), individual box stall/paddock, arena or racetrack while being ridden/driven, outdoors while being ridden/ driven, indoor group housing, horse trailer, during handling (such as walking the equid or while grooming) or in hospital during recovery from general anaesthesia. The only locations where there was no contact with other equids were the individual box stall, small paddock and the hospital during recovery from general anaesthesia; in all other locations the equids may have had contact with other equids. The presence of a skin wound (open/closed fracture) and severity of the lameness at admission (grade 0-5, AAEP) were noted (grade 4 and 5 grouped as severe lameness). The fracture configuration was retrieved from reports by board-certified radiologists and divided into 5 types: fissure fracture, simple fracture, comminuted fracture, depression fracture and Salter-Harris fracture. A fissure fracture was defined as a crack extending from the surface into, but not through, the cortex. Simple fractures had only one fracture line, comminuted fractures had multiple fragments and depression fractures had an area of the cortex displaced beneath the bone surface. Fractures involving the growth plate in young equids were regarded as SalterHarris-type fractures. Treatment was divided into osteosynthesis (with plates and/or screws), other invasive therapies requiring general anaesthesia (arthroscopy, cerclage wire, removal of fragments/sequestra) and conservative management without general anaesthesia (casts, bandages, slings, local wound treatment, cerclage wiring of rostral mandibular fractures, drugs). Only the results of short-term follow-up evaluation at the time of discharge from the hospital were available. The equid was considered to have recovered from a fracture when it was sound at the time of discharge from the hospital or had a good prognosis for pasture soundness. Conversely, an equid was considered to have not recovered from a fracture when it was euthanised because of complications or discharged with a guarded prognosis with respect to survival. Reasons for euthanasia were not recorded or defined; the decision was primarily clinical, but financial concerns and concurrent injuries may have played a role in some cases. Data editing was done using Excel, a and the statistical analyses carried out using R, The R Foundation for Statistical Computing Platform 2017, version 3.3.3. Descriptive statistics included frequencies of variables related to demographics, history and clinical findings. Differences in distribution by demographics and other characteristics between fractures resulting from a kick and fractures resulting from other causes were examined using the chi-square test for nominal data and the Mann-Whitney U Test with continuity correction for ordinal data; many of the expected values were small (fewer than 5 values) and therefore a chi-squared test with simulated P-value (based on 2000 replicates) was calculated. Missing values (category "unknown") were not included in the chi-square statistic.
A logistic regression was carried out with recovery as dependent variable and the following predictors: Age, weight, severe comminuted fracture, severe lameness, long bones (femur, humerus, metacarpus, metatarsus, radius, tibia), contamination (open vs. closed), presentation (acute vs. subacute) and the interaction between long bones and contamination. The linearity assumption was relaxed by expanding the continuous variable age, using restricted cubic splines with 4 knots [21] . Differences were considered significant at P≤0.05.
Results

Demographics and other characteristics
Of a total of 1845 equids presented with fractures, the cause of the fracture was known in 1144 cases that fit the inclusion criteria for the study. Mean age of these equids was 10.3 years (range, 1 day-37 years) and there were 137 young (<3 years, 12%), 762 adult (3-14 years, 66.6%) and 245 aged equids (≥15 years, 21.4%). There were 529 (46.2%) geldings, 481 (42.0%) mares and 134 (11.7%) stallions. Warmblood horses (mostly Swiss and German Warmbloods, n = 562, 49.1%), Thoroughbred/ Standardbred horses (n = 162, 14.2%) and Freiberger/Haflinger horses (n = 79, 6.9%) were the most common breeds. Weight distribution showed that the largest percentage of equids were in the group 500-600 kg (n = 527, 46.1%), which was also the median weight, followed by equids weighing 400-499 kg (n = 270, 23.6%).
The causes of fractures are shown in Figure 1 ; a kick from another equid was the most common cause and had occurred in 499 cases (43.6%). Figure 2 shows that the largest percentage of fractures occurred on pasture (n = 319, 27.9%). In 112 (9.8%) cases, the fracture occurred in an indoor group housing system and in 213 (18.6%) cases, data on location at the time of fracture occurrence were missing.
Details of affected bones are showed in Figure 3 . Fractures of the second and fourth metacarpal and metatarsal bones were most common (n = 181), followed by bones of the skull (n = 172), proximal phalanx (n = 104), distal phalanx (n = 75), pelvis (n = 87) and tibia (n = 84). There were 534 (47.0%) simple fractures, 352 (31%) comminuted fractures, 179 (15.6%) fissures and 62 (5.5%) depression fractures. Salter-Harris fractures were least common and occurred in 9 (0.8%) equids, and for the remaining cases no description of fracture configuration was available. Open fractures occurred in 378 (34.1%) and closed fractures in 731 (65.9%) cases; this information was not available for the remaining equids.
Of 915 (80.0%) treatment attempts, 506 (55.3%) were invasive with the equid needing general anaesthesia and 409 (44.7%) were conservative. The remaining 20% (229 cases) were euthanised at the time of admission and did not receive treatment. Overall, 802 equids recovered and survived the fracture (70.1%) resulting in a treatment success rate of 87.7% (802/915). The results are summarised in Table 1 
Fractures caused by a kick
Univariable analysis showed fractures caused by a kick differed in many aspects from fractures resulting from other causes ( Table 1) . Equid with fractures caused by a kick were older than those with fractures due to other causes, A kick was the cause of the fracture in 56/137 (40.9%) foals, in 310/762 (40.7%) adult equids and in 133/245 (54.3%) aged equids. Sex was also associated with the occurrence of kick injuries, more mares sustained fractures due kick injuries than other causes more often than stallions or geldings. The cause of fractures was significantly linked to location and kick injuries occurred more often in indoor group housing systems and on pasture. The breed was also associated with the occurrence of kick injuries; Warmbloods and Thoroughbreds/Standardbreds were less likely to sustain a fracture from a kick than ponies and Icelandic horses. Light equids suffered fractures caused by a kick more often than heavy equids. Fractures caused by kicks were more frequent in the ulna and the long weight-bearing bones, especially the radius and tibia. Moreover, fractures of the second and fourth metatarsal bones were more often caused by kicks than were fractures of the second and fourth metacarpal bones. Fractures caused by a kick were more likely to be open than fractures attributable to other causes but the same association did not exist for degree of comminution. Equids with fractures caused by a kick had a more favourable recovery rate than those with fractures attributable to other causes; 76.0% of equids with fractures caused by a kick recovered compared with 65.6% of equids with fractures from other causes.
Predictors for recovery
Of 1144 equids with fractures, 802 recovered from the injury and 342 were euthanised or discharged with a guarded prognosis. The results of logistic regression are summarised in Table 2 . Recovery in association with the type of bone fractured is depicted in Figure 4 . Multivariate logistic regression showed that recovery was adversely affected by comminution and severe lameness ( Table 2 ). There was a significant interaction between fractures of long bones and contamination (P = 0.006). Thus, recovery for equids with fractures of long bones was more unlikely when the fracture was open. Heavier equids also had a poorer chance of recovery than lighter equids. The lowest likelihood of a successful recovery was seen in equids with fractures of the femur, middle phalanx and radius. Equids with fractures of the splint bones of the forelimbs and hindlimbs, proximal sesamoid bones and skull bones had the best recovery rates (Fig 4) .
Discussion
Important goals of epidemiological studies of fractures in equids should include the determination of risk factors as well as factors affecting treatment outcome. This information could aid in minimising exposure of equids to risk factors, improve decision-making with regard to treatment and provide owners with a more accurate prognosis.
The results of the current study showed that kicks from other equids were the most common cause of fractures in equids presented to our clinic and accounted for 43.6% of all fractures with a known cause, confirming our hypothesis. Derungs et al. (2004) determined that kicks often result in a fracture, but most studies of the epidemiology of fractures have focused on racehorses and on fractures that occur during training or racing [2] [3] [4] [5] . Fractures resulting from kicks are not common in racehorses because most of these horses have no or very little physical contact with other individuals. Group housing of equids has become increasingly popular in Switzerland, and we felt that its role in the occurrence of fractures was worth investigating. The finding that fractures occurred commonly in equids pastured and in group housing systems was not surprising and in agreement with the results of a study on free-ranging Przewalski horses [22] . Equids on pasture have the opportunity to run and engage in other high-energy activities, which may occur more often after they have been in a box stall for a part of the day. This makes them prone to fractures because of falls, collisions with objects and kicks from herd mates. Our results showed that kicks from other equids often affect the limbs, particularly bones proximal to the proximal phalanx, which is in agreement with the findings of another study [14] . Derungs et al. (2004) found that the most common site of kick injuries was at the level of the metacarpal/metatarsal bones, and fractures in this region were indeed numerous in our case series. It was interesting that fractures of the second and fourth metatarsal bones were significantly more often caused by kicks than were second and fourth metacarpal bone fractures, which are probably more often self-inflicted. Kicks from other equids are the cause of fractures in many long bones, which tend to break after a kick because of their structure, location and sparse soft tissue coverage [1, 23, 24] . Long bones are not well adapted to resist bending forces [25] that occur when the lateral or medial aspect of the bone is kicked. Mares engaged in fighting are more likely to kick than rear, and rearing is seen more commonly in fighting stallions [26] . Data on the equids that caused the fractures were not available in the current study. Interestingly, mares sustained fractures after kick injuries more often than stallions and geldings, even though there were more males in our caseload. Derungs et al. [24] noted in their study that fissure fractures associated with a kick injury occur more often in aged equids than in young equids, which was a finding in the current study as well, but a definitive cause has not been reported. It has been postulated that bone degeneration or senile osteopenia, which has been described by Riggs et al. in humans [27] , by Dahme et al. [28] in dogs and cats and by F€ urst et al. [29] in horses, is the underlying cause of fissure fractures. Age-related bone changes make older equids more prone to fractures in general and not only to fractures caused by a kick: in fact it has been shown that the micro-architecture of bone varied with the age of the horse, with the number of trabeculae decreasing significantly and the distance between trabeculae increasing significantly with age [29] . Another plausible explanation for the overrepresentation of aged equids with a fissure fracture is that old retired equids usually are housed in groups and therefore more at risk of being kicked. In contrast, adult equids used for competition often are housed in individual box stalls, and fractures in this population usually are associated with load and strain during work. We also observed a high frequency of fractures caused by a kick in ponies and Icelandic horses. A possible explanation for this is that these equids are traditionally kept in herds and thus have a higher risk of being kicked. When considering the risks of fractures caused by kicks on pastures, it is important to note that it is common practice to keep equids in individual box stalls but to turn them out together on pasture. This is a very different situation compared with herds in which there is an established hierarchy. Each time equids that are unfamiliar with each other are grouped together, there will be attempts to establish a hierarchy, and this often includes kicking.
Compared with other epidemiological studies of the occurrence of fractures in equids, our results differed with respect to the distribution of age, use, breed, body weight and affected bones. The most commonly fractured bones in racehorses are the third metacarpal bone, small carpal bones, ilium and tibia [5] , whereas in our study population, the splint bones, skull and proximal and distal phalanges were the bones most commonly fractured. Skull fractures are rarely reported in equids and usually occur during falls and collisions but not during racing [30] . In the current study, skull fractures were most commonly caused by a kick and collision with an object, which anecdotally often happens when the animal pulls back abruptly after entrapment of the head. Auer (2012) stated that for most fractures, nonsurgical management is not the treatment of choice and therefore should not be advocated. However, conservative treatment was used in about one-third of all cases presented here and was considered a reasonable choice, for example for the treatment of fissure fractures or pelvic fractures. In our population, 70.1% of equids recovered and survived the fracture, which was similar to 71.7% reported in another study [14] .
Based on our findings, we rejected the hypothesis that equids with fractures attributable to a kick have a worse recovery than equids with fractures attributable to other causes. A factor that contributed to the rejection was that many kick injuries resulted in fissure or splint bone fractures in equids, which had a favourable recovery. The main factor associated with recovery was the type of bone involved. Acute fracture, high-grade lameness and comminuted fracture, which often occurred in combination, had an adverse effect on recovery. Severe comminuted limb fractures usually result in severe lameness, which prompts the owner to call a veterinarian quickly. Interestingly, the weight of the equids did not have a negative effect on recovery, even in fractures of weight-bearing long bones. As mentioned, one factor that may have contributed to this was that the equids in our study represented a referred population. All patients were initially examined by the primary care veterinarian, and some with catastrophic fractures or a poor prognosis may have been euthanised immediately. Equine patients with a low body weight included foals, which are fragile, predisposed to infection and often of lower financial value. Furthermore, in our caseload fissure fractures occurred in most cases in adults and were rare in foals, whereas complete or comminuted fractures were more common and were associated with a worse recovery compared with other types of fracture. Another bias may have been generated by the large number of variables and their interrelationships, which may have obscured the effect of weight on recovery rate. Convenience sampling of equids with a fracture referred to our clinic was used for case selection in the current study rather than a randomised method.
In conclusion, kicks from other equids were the single most important cause of fractures in our heterogeneous equine population. Recovery rate was primarily affected by the fractured bone, but also by the degree of comminution and severity of lameness (associated with limb bone fractures) at the time of presentation. Group housing meets many of the behavioural needs of equids but must be managed appropriately to prevent kick injuries.
